The production of glycerol from biodiesel by-product that was obtained from waste cooking oil has low purity. This crude glycerol contains impurities such as methanol, catalyst, soap and water. Analysis result shows that crude glycerol contains 67.7% water, 16.7% ash with density 1.1217 g/mL. The impurities were able to be adsorbed using bentonite which was activated in sulphuric acids 1.5 M and characterized by SEM-EDX. The purified glycerol after being treated with bentonite at 60 C for 75 minutes was fulfilled The SNI 06-1564-1995 requirement i.e. 89.5% glycerol, 4.3% water, 3.6% ash and density 1.2212 g/mL.From the experiment can be concluded the activated bentonite showed a capacity in adsorbing and removing impurities in waste cooking oil.
INTRODUCTION
Crude glycerol, a by-product of biodiesel manufacture, isproduced by approximately 10-20% (v/v) . This by-product still contains impurities such as methanol, soap, residual catalyst, fatty acids and water [1] . The use of glycerol is in the pharmaceutical, cosmetics and petrochemical industries and has a high selling value.
Trans esterificationprocess is one of several methods to produce biodiesel usually accompany with by-product such as low-quality glycerol which roughly 10-20% of product total volume [2] .
Purification of crude glycerol was conducted by distillation method at atmospheric pressure followed by the addition of phosphate acids until pH 2. Bleaching process was carried out afterward by using activated carbon 2%. The purified product contained approximately 90% of glycerol [3] .
Biodiesel by-product which contained 50% glycerol has the potential to be reused through physical and chemical treatment by adding such as HCl, NaOH, H3PO4 and KOH. Acids addition will convert soap mixture into free fatty acids (FFA) and salt. Free fatty acids is insoluble in glycerol hence it will forms a separate layer above glycerol while salt will precipitated in the bottom part. Residual reactant i.e. methanol and water will form soluble mixture with glycerol. Methanol can be separated from mixture by evaporation method with approximately 85% purity and can be increased to 99% by further method of purification [4] .
The process of making biodiesel from used cooking oil can be done by laboratory scale by heating, giving a basic catalyst, methanol solvent and separating biodiesel with a separate funnel. Crude glycerol as much as 300 g was added with 85% H3PO4 solution to reach the pH of ± 2.5 solution. After that, let stand for ± 24 hours until the solution forms 3 phases. The top layer is free fatty acid, the middle layer is glycerol, and the lowest layer is inorganic salt. After separation, the filtrate (crude glycerol) is separated from salt deposits by filtering using a vacuum pump [5] .
There are several available methods of biodiesel production by using membrane including membrane reactor. Membrane reactor combined simultaneously the reaction process and product separation process to ensure continues of stirring reactants mixture and mass transfer process between insoluble phases. Membrane reactor can also separateunreacted feed and resulting product continuously which then shifted reaction equilibrium towards product side and increased its results. [6] [7] [8] [9] [10] .
Another method for biodiesel production is using ultrasound wave and were reported by several authors. Ultrasound reactor was used to produced biodiesel firstly reported by Hielscher Ultrasonic GmbH in 2000 by using ultrasound processor which operates at frequency range 18 to 20 kHz [11] .
From each method of making biodiesel has glycerol by products in different amounts and colors of glycerol. Separation of glycerol from the byproducts of biodiesel can also be carried out by adding phosphoric acid followed by the addition of activated carbon to attract residual dirt and color. Finally, a rotary evaporator is used to draw water [12] .
Previously, researcher reported crude glycerol was purified using natural zeolite from Lampung [12] . To obtain glycerol purification by means of adsorption, adsorbents must be chosen which have strong absorption properties such as bentonite. Several factors that influence the adsorption process are concentration, surface area, temperature, particle size, pH, contact time. The choice of Bentonite as an adsorbent is very appropriate because bentonite has a layered structure with the ability to swell and have cations that can be exchanged. To increase the absorption capacity of bentonite, activation must be carried out by heating and acidification. The bentonite size used in this research is 60 mesh. Washing and soaking with distilled water and sulfuric acid. Drying in the oven and drying on the furnace. To determine the final results of glycerol purification, glycerol levels, moisture content, ash content and viscosity were measured.
MATERIALS AND METHODS

Materials
Crude glycerol was provided from biodiesel production unit by-product which processed through electrolysis method. The biodiesel was produced using feed from waste cooking oil. Other chemicals used in this research were bentonite, distilled water, periodate acids (HIO42H2O), sodium thiosulphate (Na2S2O35H2O), KI, starch, Chloroform (CHCl3), acetic acids glacial (CH3COOH), potassium dichromate (K2Cr2O7), KOH, concentrated HCl and H2SO4, HNO3.
Bentonite Characterization
The obtained sonnet is destroyed by using a grinding tool and sieved using a shieving tool to get a size of 60 mesh. Then the activation of bentonite was done by washing and soaking with distilled water and chemicals using 1.5M sulfuric acid solution and drying with an oven. The activated bentonite was characterized with SEM-EDX to see the morphology of the surface and composition of the bentonite.
Characterization of Crude Glycerol
Crude glycerol obtained from biodiesel byproduct was heated and stirred by using magnetic stirrer followed by H2SO4 1.19 M addition drop wise until the pH is 6. Heating temperature was maintained at 60 C. After pH reached 6, crude glycerol was cooled and left for 30 minutes. The precipitate formed is separated from the filtrate (crude glycerol) using vacuum pump. The filtrate was analyzed for its physical and chemical properties including: density using pycnometer, water content, ash content, total glycerol content [13] .
Glycerol produced at optimum treatment was subjected to analysis [14] . Crude glycerol was added with sulphuric acids (acidification) to convert soap into free fatty acids and water. H + ion will protonate soap to produce free fatty acids which then formed separated layer in upper part due to the difference in density and polarity compare to glycerol [15] . The SO4 2- excess from sulphuric acids was reacted with potasium ion from soap in glycerol to form insoluble K2SO4 which precipitated at the bottom [16] . The addition of sulphuric acids turn crude glycerol to form three separated layers i.e. free fatty acids layer at the upper part, glycerol layer at the midle and inorganic salt at the bottom. However, in this work we found out that the reaction produced only two layers i.e. lower layer contain free fatty acids and upper layer contain glycerol. The upper layer was further analysis for its physical and chemical properties.
The Purification of Crude Glycerol using Bentonite
Glycerol as a by-product of biodesel manufacture using waste cooking oil as feed was separated in an equipment using electrolysis method. 100 g of crude glycerol was added into 12 g bentonite and stirred in various time i.e. 30, 45, 60, 75 and 90 minutes at 30C and then left for 24 hours. The filtrate was collected using vacuum filtration. The procedure was repeated using various bentonite concentration i.e. 3%, 6%, 9%, 12% and 15% based on crude glycerol weight. Another procedure was conducted to obtain optimum temperature (30, 40, 50, 60 and 70C). In this step, crude glycerol was adsorbed using 60 mesh bentonite at optimum temperature, duration and concentration previously obtained.
RESULT AND DISCUSSION
Characterization of Activated Bentonite
Bentonite activation was conducted as follows, 10 g of bentonite was dispersed into 100 mL of H2SO4 0.6 M, HCl 0.5 M and HNO3 0.1 M each was refluxed and stirred for 3 hours at 70 C. The mixtures were cooled, filtered and washed to remove ions of residual acids. Acids activated bentonite was dried in an oven at 100-110 C for 3 hours. The dried bentonite was grinded and sieve to obtain size of 60 mesh (0.2 mm). The composition of bentonite is displayed in Table 1 . The morphology analysis of Bentonite was showed in the SEM image. The two of SEM images (Figure 1 and 2) show at wide ratio 10.03 mm and 9.80 mm it appears high concentration of carbon at 28.69% and low concentration of iron at 0.58% while Ru element could be coming from interference of X-ray dispersive occurred. From this result one can expected the adsorption process can optimally occured.
High water content of crude glycerol comes from dehydration of glycerol during acidification by sulphuric acids [17] . Ash content (16.7%) indicates inorganic materials within comes from potasium salt from residual catalyst produced during transesterification process. Salt content was affected by pH of chemical treatment on the crude glycerol. The higher pH of solution will increase catalyst's salt solubility which enhance salt content in the glycerol. On contrary, low pH decrease catalyst's salt solubility hence reduce salt content of glycerol [18] . The glycerol obtained in this report is 67.7%. No sugar content was detected indicates by the colour of glycerol whis is not brownish. The analysis result of crude glycerol confirmed it comprise of 67.7% glycerol, 38.6% water, 16.73% ashand 1.1217 % salt as shown onTable 2. The Effect of Temperature in Glycerol Content At 60 C, glycerol content reached 87.4%. the increase of temperature is proportional to the amount of adsorption. Kinetic energy of moleculewas increased at elevated temperature hence the adsorbent was able to adsorb more impurity into its pore. This optimum condition was carried out in 12% bentonite, particle size 60 mesh (0.2 mm) and adsorption duration 75 min.
The increase of glycerol content was no longer observed once the optimum temperature was exceeded as represented in Figure 3 . At 70C, the content of glycerol was decreased to 68.6%. The formation of flocs of impurity has saturated and its began to dissolve into the mixture. Temperature above 60 C also increase the vapor pressure of glycerol which also contribute to its content decrease. Figure 3 displays the increase of glycerol content as function of temperature but start to decrease at 80 C. The point of curve decline marks the optimum temperature of adsorption. 
The Effect of Bentonite Concentration to The Glycerol Content
At maximum bentonite concentration (15%), the glycerol content was detected decreased to 77.5%. The larger amount of adsorbent added caused more adsorbate and adsorbent molecules to interact in an adsorption process. Impurities such as free fatty acids, methyl esters, water and potassium become more being adsorbed. The glycerol content at thiscircumstance was preferred at 12% bentonite concentration compare to 15%. The existence of 3 polar functional groups (-OH) within glycerol possibly responsible to the chemical interaction between glycerol and adsorbent surface. This interaction caused the glycerol content being adsorbed and decrease its concentration during adsorption process. The result of bentonite concentration effect is shown on Figure 5 .
Initially, glycerol content increased by increase of bentonite from 3 to 12 g. At bentonite 12 g, the glycerol content reaches its optimum concentration by 89.5%. At higher bentonite addition i.e. 15 g, the glycerol content shows a decrease to 77.5%. 
CONCLUSION
The result indicated that optimum condition of adsorption using bentonite on crude glycerol purification is 75 minutes, 12% bentonite concentration, 60 C and bentonite particle size of 60 mesh (0.2 mm). The grade of glycerol obtained was fulfil the requirement of quality standard which proves the successful of organic impurity adsorption other than glycerol wanted. The method employed was able to acquire at optimum condition 89.5% glycerol, 4.3% water content, 1.2212 g/mL density and 3.6% ash content. The activated bentonite showed capacity in adsorbing and removing impurities within glycerol such as free fatty acids, methyl ester, water and potassium. The heat treatment on bentonite increased its Si/Al ratio which makes adsorption more efficient hence increase the glycerol yields. 
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